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SPECIFICATION 



PNEUMATIC TIRE AND PRODUCTION METHOD OF THE SAME 
Technical Field 

The present invention relates to a pneumatic tire including a 
side rubber provided between a tread rubber and a side wall rubber, 
and to a production method of the pneumatic tire. 

Background Art 

Examples of conventional pneumatic tires include a tire having a 
structure as shown in Fig. 4B. 

In such a pneumatic tire 70, a side wall rubber 76 is press- 
attached to each of side portions of a carcass (not shown), and, in a 
sectional view in the widthwise direction of the tire, each outer end 
portion of the side wall rubber 76 in a radial direction of the tire is bent 
inside in a widthwise direction of the tire. 

A tread rubber 72 is press-attached, via a belt (not shown), to a 
tread side of the carcass, which is on the outer side of the carcass in 
the radial direction of the tire. Each outer end portion of the tread 
rubber 72 in the widthwise direction of the tire is positioned on the 
outer side, in the radial direction of the tire, of each outer end portion 
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(i.e., bent portion) of the side wall rubber 74 in the radial direction of 
the tire. 

In other words, each outer end portion of the tread rubber 72 in 
the widthwise direction of the tire is disposed on each outer end 
portion (i.e., bent portion) of the side wall rubber 74 in the radial 
direction of the tire. 

Further, a side rubber 74 is press-attached on the outer side, in 
the widthwise direction of the tire, of each tire-widthwise-direction 
outer end portion of the tread rubber 72. Physical properties or 
composition of the side rubber 74 is the same as or similar to that of 
the side wall rubber 76. 

In a production method of the above-described pneumatic tire 
70, initially, in first molding, an unvulcanized inner liner rubber (not 
shown) is set on a rotary drum (not shown), and a carcass is press- 
attached to the inner liner rubber. 

After that, a bead filler including a bead core is attached at each 
end of the carcass, and the ends of the carcass in a tire widthwise 
direction of the drum are bent on the outer side in the radial direction 
of the tire, so as to mold bead sections. 

Then, an unvulcanized side wall rubber 76 is press-attached to 
each of side portions of the carcass. 

Subsequently, in second molding, the diameter of the rotary 
drum is expanded so that the carcass is toroidally deformed. 
Thereafter, a belt is press-attached to the carcass from the outer side 
in the radial direction of the tire, and an unvulcanized tread rubber 72 
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integrated with an unvulcanized side rubber 74 at each end thereof is 
further press-attached to the belt and the carcass. 

The tread rubber 72 and the side rubber 74 to be used are 
integrally extruded by a dual tuber (not shown) which is 
conventionally known. 

The pneumatic tire 70 is produced by the above-described 
method. 

In the above-described production method, since the tread 
rubber 72 and the side rubber 74 are press-attached from the outer 
side in the radial direction of the tire after the side wall rubber 76 has 
been press-attached, production process is relatively simplified. 
Therefore, this production method has great advantages in improved 
production efficiency and reduced production cost. Accordingly, this 
production method is generally used for producing the pneumatic tire 
70. 

In general, physical properties or composition of the tread 
rubber 72 is significantly different from that of the side rubber 74. 
However, since the tread rubber 72 and the side rubber 74 to be used 
are integrated by a dual tuber in this production method, durability of 
an interface therebetween is improved. Thus, this production method 
has another advantage that separation of the tread rubber 72 and the 
side rubber 74 from each other (i.e., cracks) at the interface 
therebetween, which separation occurs due to the difference of 
physical properties or composition therebetween, is less likely to 
occur. 



3 



However, an interface between the side rubber 74 and the side 
wall rubber 76 appears at a side surface side of the tire, and the side 
surface portions of the tire are high distortion portions where bending 
deformation of the tire is relatively large while the vehicle is running. 
Therefore, this production method has a problem that separation of 
the side rubber 74 and the side wall rubber 76 from each other (i.e., 
cracks) at the interface therebetween may occur. 

The problem described above is not solved even when the side 
rubber 74 and the side wall rubber 76 have the same or similar 
physical properties or composition. 

Thus, in view of the above facts, the present invention has an 
object of providing a pneumatic tire in which not only separation of the 
tread rubber and the side rubber from each other (i.e., cracks) at the 
interface therebetween but also separation of the side rubber and the 
side wall rubber from each other (i.e., cracks) at the interface 
therebetween can be prevented, and a production method of the 
pneumatic tire. 

Disclosure of the Invention 

The pneumatic tire according to claim 1 is pneumatic tire 
including a pair of right and left bead cores, and a carcass toroidally 
straddling the bead cores, said pneumatic tire comprising: a tread 
rubber which forms a tread section, the tread rubber being disposed 
on the outer side of the carcass in a radial direction of the tire; a side 
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rubber which forms a portion of each shoulder section, the side rubber 
being attached to each outer end portion of the tread rubber in a 
widthwise direction of the tire; and a side wall rubber which forms 
each side wall section and a portion of each shoulder section, physical 
properties or composition of the side wall rubber being the same as or 
similar to physical properties or composition of the side rubber, each 
side wall rubber being disposed on the outer side of the carcass in the 
widthwise direction of the tire, and each outer end portion of the side 
wall rubber in the radial direction of the tire being attached to each 
outer end portion of the side rubber in the widthwise direction of the 
tire. 

Next, the operation and effects of the pneumatic tire according 
to claim 1 will be described. 

In the pneumatic tire of the present invention, a tread section is 
formed by a tread rubber, which is disposed on the outer side of a 
carcass in a radial direction of the tire. Further, a portion of each 
shoulder section is formed by a side rubber, which side rubber is 
attached to each outer end portion of the tread rubber in a widthwise 
direction of the tire. Furthermore, each side wall section and a portion 
of each shoulder section are formed by a side wall rubber, physical 
properties or composition of the side wall rubber is the same as or 
similar to physical properties or composition of the side rubber, which 
side wall rubber is disposed on the outer side of the carcass in the 
widthwise direction of the tire, and each outer end portion of the side 
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V wall rubber in the radial direction of the tire is attached to each outer 

end portion of the side rubber in the widthwise direction of the tire. 

According to the pneumatic tire of the present invention, an 
interface between the side rubber and the side wall rubber appears, 
not at a side surface side of the tire, but at a ground-contacting side 
thereof. 

Here, while the vehicle is running, bending deformation of the 
tire is larger at the side surface sides of the tire than at the ground- 
contacting side thereof. Namely, the side surface portions of the tire 
are high distortion portions. 

Therefore, the pneumatic tire of the present invention is 
structured such that the interface between the side rubber and the 
side wall rubber appears, not at the side surface side of the tire, but at 
the ground-contacting side (i.e., low distortion portion) thereof. As a 
result, the bending deformation acting at the interface between the 
side rubber and the side wall rubber can be reduced, and thereby 
separation of the side rubber and the side wall rubber from each other 
(i.e., cracks) at the interface can be prevented. In other words, the 
interface between the side rubber and the side wall rubber is 
positioned at the ground-contacting portion of the tire, which portion 
is a low distortion portion, so that separation of the side rubber and 
the side wall rubber from each other (i.e., cracks) at the interface can 
be prevented. 

Further, since the side rubber and the side wall rubber have the 
same or similar physical properties or composition, a possibility that 
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V the side rubber and the side wall rubber are separated from each other 

(i.e., a possibility of crack generation) at the interface therebetween 
can be significantly lowered. 

Herein, the expression that two substances have "the same 
physical properties" means that the two substances have the same 
Shore hardness. 

The expression that two substances have "similar physical 
properties" means that the difference in Shore hardness between the 
two substances is not more than 5, preferably is less than 5, and more 
preferably is not more than 3. 

Further, the expression that two substances have "the same 
composition" means that the two substances have the same blend 
ratio of SBR (styrene-butadiene rubber) /NR (natural rubber) /BR 
(polybutadiene rubber). 

The expression that two substances have "similar composition" 
means that the difference in blend ratio of NR (natural rubber) 
between the two substances is not more than 25 PHR. 

In the pneumatic tire according to claim 2, the tread rubber and 
the side rubber are integrally extruded in an unvulcanized state by an 
extruder. 

Next, the operation and effects of the pneumatic tire according 
to claim 2 will be described. 

In general, physical properties or composition of the tread 
rubber is significantly different from that of the side rubber. Therefore, 
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separation of the tread rubber and the side rubber from each other at 
the interface therebetween tends to occur. 

Thus, in the present invention, the tread rubber and the side 
rubber to be used are integrally extruded in the unvulcanized state by 
an extruder. Accordingly, as compared with a case in which the tread 
rubber and the side rubber are separately extruded and subsequently 
press-attached to each other, durability of the interface between the 
tread rubber and the side rubber is considerably improved, and 
thereby a possibility that the tread rubber and the side rubber are 
separated from each other (i.e., a possibility of crack generation) at the 
interface therebetween can be significantly lowered. 

The production method of the pneumatic tire, according to claim 
3 is a production method of the pneumatic tire according to claim 1, 
the method comprising: a tire-case-molding process in which a 
carcass is wound around a rotary drum capable of expanding its 
diameter, and a bead section forming member is attached to the 
carcass, so as to mold a case; and a tire-contour-molding process in 
which the tread rubber in an unvulcanized state, to each outer end 
portion thereof in a widthwise direction of the tire the side rubber in 
an unvulcanized state has been attached, is attached on the outer 
side, in a radial direction of the tire, of the carcass which forms the 
case, the side wall rubber in an unvulcanized state is attached to each 
of side portions of the carcass, which side portions are outer portions 
of the carcass in the widthwise direction of the tire, and each outer end 
portion of the side wall rubber in the radial direction of the tire is 
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V attached to each outer end portion of the side rubber in the widthwise 

direction of the tire, so as to mold a contour of the tire. 

Next, the operation and effects of the production method of the 
pneumatic tire according to claim 3 will be described. 

In the tire-case-molding process, a carcass is wound around a 
rotary drum capable of expanding its diameter, and a bead section 
forming member is attached to the carcass, so as to mold a case. At 
this stage, the side wall rubber has not been attached to the carcass, 
and thus the case does not include the side wall rubber. 

In the tire-contour-molding process, the tread rubber in an 
unvulcanized state, to each outer end portion thereof in a widthwise 
direction of the tire the side rubber in an unvulcanized state has been 
attached, is attached on the outer side, in a radial direction of the tire, 
of the carcass which forms the case. 

Here, the tread rubber and the side rubber may be integrally 
extruded by an extruder such that the side rubber is attached to each 
outer end portion of the tread rubber in the widthwise direction of the 
tire. Alternatively, the tread rubber and the side rubber may be 
separately extruded by different extruders, and thereafter respective 
surfaces to be bonded of the tread rubber and the side rubber are cut 
and melted by a heated blade so as to be then attached to each other. 

Further, the side wall rubber in an unvulcanized state is 
attached to each of side portions of the carcass, which side portions 
are outer portions of the carcass in the widthwise direction of the tire, 
and each outer end portion of the side wall rubber in the radial 
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direction of the tire is attached to each outer end portion of the side 
rubber in the widthwise direction of the tire. 

The side wall rubber is preferably attached to the side rubber by, 
for example-* cement rubber. 

Other processes required for the production method of the 
pneumatic tire are the same as conventionally known processes. 

Through the above-described tire-contour-molding process, a 
contour of the tire is molded, and a green tire is produced. 

The green tire is vulcanized by using a vulcanization mold in a 
vulcanization process so as to produce the pneumatic tire according to 
claim 1. 

According to the production method of the pneumatic tire of the 
present invention, a pneumatic tire can be produced a possibility that 
the side rubber and the side wall rubber are separated from each other 
(i.e., a possibility of crack generation) at the interface therebetween is 
significantly lowered. 

The production method of the pneumatic tire, according to claim 
4 is a production method of the pneumatic tire according to claim 1, 
the method comprising: a tire-case-molding process in which a 
carcass is wound around a rotary drum capable of expanding its 
diameter, a bead section forming member is attached to the carcass, 
attachment preventing sheets are respectively stuck on portions of the 
carcass, on each of which portions of the carcass the outer end 
portion, in a radial direction of the tire, of the side wall rubber to be 
attached to the carcass and the bead section forming member is 
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positioned, and the side wall rubber in an unvulcanized state is 
attached to the carcass and the bead section forming member such 
that each outer end portion of the side wall rubber in the radial 
direction of the tire is positioned on the corresponding attachment 
preventing sheet, so as to mold a case; and a tire-contour-molding 
process in which each outer end portion of the side wall rubber in the 
radial direction of the tire is pulled up outwardly, the tread rubber in 
an unvulcanized state, to each outer end portion thereof in a 
widthwise direction of the tire the side rubber in an unvulcanized state 
has been attached, is attached on the outer side of the carcass in the 
radial direction of the tire, and each outer end portion of the side wall 
rubber in the radial direction of the tire is attached to the 
corresponding outer end portion of the side rubber in the widthwise 
direction of the tire, so as to mold a contour of the tire. 

Next, the operation and effects of the production method of the 
pneumatic tire according to claim 4 will be described. 

In the tire-case-molding process, a carcass is wound around a 
rotary drum capable of expanding its diameter. 

Then, a bead section forming member is attached to the carcass, 
attachment preventing sheets are respectively stuck on portions of the 
carcass, on each of which portions of the carcass the outer end 
portion, in a radial direction of the tire, of the side wall rubber to be 
attached to the carcass and the bead section forming member is 
positioned, and the side wall rubber in an unvulcanized state is 
attached to the carcass and the bead section forming member such 
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that each outer end portion of the side wall rubber in the radial 
direction of the tire is positioned on the corresponding attachment 
preventing sheet. 

Here, since each outer end portion of the side wall rubber in the 
radial direction of the tire is positioned on the attachment preventing 
sheet, the portion is not attached to the carcass. 

Through the above-described tire-case-molding process, a tire 
case is molded. 

Next, in the tire-contour-molding process, the attachment 
preventing sheets are removed from the tire case on the rotary drum, 
and each outer end portion of the side wall rubber in the radial 
direction of the tire is pulled up outwardly. 

Further, the tread rubber in an unvulcanized state, to each 
outer end portion thereof in a widthwise direction of the tire the side 
rubber in an unvulcanized state has been attached, is attached on the 
outer side of the carcass in the radial direction of the tire. 

Here, the tread rubber and the side rubber may be integrally 
extruded by an extruder such that the side rubber is attached to each 
outer end portion of the tread rubber in the widthwise direction of the 
tire. Alternatively, the tread rubber and the side rubber may be 
separately extruded by different extruders, and thereafter respective 
surfaces to be bonded of the tread rubber and the side rubber are cut 
and melted by a heated blade so as to be then attached to each other. 

After the tread rubber and the side rubber have been attached to 
the carcass, each outer end portion of the side wall rubber in the radial 
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direction of the tire is attached to the corresponding outer end portion 
of the side rubber in the widthwise direction of the tire. 

The side wall rubber is preferably attached to the side rubber by, 
for example, cement rubber. 

Through the above-described tire-contour-molding process, a 
contour of the tire is molded, and a green tire is produced. 

The green tire is vulcanized by using a vulcanization mold in a 
vulcanization process so as to produce the pneumatic tire according to 
claim 1. 

According to the production method of the pneumatic tire of the 
present invention, a pneumatic tire can be produced a possibility that 
the side rubber and the side wall rubber are separated from each other 
(i.e., a possibility of crack generation) at the interface therebetween is 
significantly lowered. 

In the production method of the pneumatic tire, according to 
claim 5, the tread rubber and the side rubber are integrally extruded 
in an unvulcanized state by an extruder. 

Next, the operation and effects of the production method of the 
pneumatic tire according to claim 5 will be described. 

Preferably, the tread rubber and the side rubber are integrally 
extruded in the unvulcanized state by an extruder. 

In this case in which the tread rubber and the side rubber are 
integrally extruded in the unvulcanized state by an extruder, as 
compared with a case in which the tread rubber and the side rubber 
are separately extruded and subsequently attached to each other, 
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durability of the interface between the tread rubber and the side 
rubber is improved, and thereby a possibiUty that the tread rubber 
and the side rubber are separated from each other (i.e., a possibility of 

*w«.i,«twe«n can be significantly 

crack generation) at tne intent - - — 

lowered. 

Brief Description of the Drawings 



Fig^l is a partially sectional view of a pneumatic tire according 
embodiment of the present invention. 

Fig. 2 is a process drawing showing a production method of the 

mbodiment of the present invention. 



to an 



pneumatic tire according to an e 

Fig. 3 is a process drawing showing another production method 
of thematic tire according to an embodiment of the present 
invention. 

Fig. 4A is a partially sectional view of a pneumatic tire of Related 

art 1. 

Kg, 4B is a partially sectional view of a pneumatic tire of Related 

art 2. 

Fig . 4C is a partially sectional view of the pneumatic tire of the 
present invention. 
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Most Preferred Embodiments for Implementing the Invention 

Hereinafter, a pneumatic tire according to an embodiment of the 
present invention will be described with reference to the attached 
drawings. 

As shown in Fig. 1, a pneumatic tire 10 includes an inner liner 
rubber 12. 

A pair of right and left bead cores 14 are disposed on the outer 
side of the inner liner rubber 12. The bead core 14 is composed of 
plural bead wires and included by a bead filler 16. 

A carcass 18 of a toroidal shape straddles on the bead cores 14 
and the bead fillers 16. Ends of the carcass 18 in the radial direction 
of the tire are bent substantially toward the outer side in the radial 
direction of the tire (i.e., toward the side indicated by Arrow A in Fig. 1) 
so as to respectively envelop the bead cores 14 and the bead fillers 16. 
In this way, bead sections 20 are formed. 

A belt (not shown) is disposed on the outer side of the carcass 18 
in the radial direction of the tire. 

A tread rubber 22 (i.e., a hatched portion in Fig. 1) is attached on 
the outer side of the belt in the radial direction of the tire. Shore 
hardness of the tread rubber 22 is 68, and the blend ratio thereof, of 
SBR/NR/BR(PHR), is 100/0/0. 

A tread section 24 is formed by the tread rubber 22. Further, 
plural circumferential grooves 26 extending in the circumferential 
direction of the tire are formed on a surface of the tread section 24. 
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A side rubber 28 is attached to each outer end portion of the 
tread rubber 22 in the widthwise direction of the tire. Shore hardness 
of the side rubber 28 is 55, and the blend ratio thereof, of 
S BR / N R / B R ( PI I R) , is 0/50/50. A portion of a shoulder section 30 is 
formed by the side rubber 28. 

A side wall rubber 32 is press-attached to each of side portions 
of the carcass 18, which side portions are outer portions of the carcass 
18 in the widthwise direction of the tire. Shore hardness of the side 
wall rubber 32 is 55, and the blend ratio thereof, of SBR/NR/BR(PHR), 
is 0/50/50. An outer end portion of the side wall rubber 32 in the 
radial direction of the tire is attached to an outer end portion of the 
side rubber 28 in the widthwise direction of the tire. 

A side wall section 34 and a portion of the shoulder section 30 
are formed by the side wall rubber 32 on each side of the tire. 

In the present embodiment, the side rubber 28 and the side wall 
rubber 32 have the same physical properties or composition. However, 
it suffices that the side rubber 28 and the side wall rubber 32 have 
similar physical properties or composition, and the physical 
properties or composition of the two rubbers are not necessarily the 
same. 

Next, a first production method of the pneumatic tire 10 will be 
described. 

First, in a tire-case-molding process, as shown in Fig. 2A, an 
unvulcanized inner liner rubber 12 is wound around a rotary drum 36 
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whose diameter-expandable portion is in a state of relatively small 
diameter. 

Then, a carcass (ply) 18 is wound around the inner liner rubber 

12. 

Cement rubber is attached to the carcass 18, and the carcass 18 
is attached to the inner liner rubber 12 due to adhesive force of the 
cement rubber. 

A bead filler (a bead section forming member) 16 including a 
bead core (a bead section forming member) 14 is disposed at each end 
of the carcass 18, and the ends of the carcass 18 are bent to mold bead 
sections 20. 

Through the above-described tire-case-molding process, a case 
is molded. 

Next, in a tire-contour-molding process, as shown in Fig. 2B, the 
diameter of the rotary drum 36 is expanded by a bladder (not shown) 
provided therein, and thereby the carcass 18 is toroidally curved. 
Then, a belt (not shown) is disposed on the outer side, in the radial 
direction of the tire, of the carcass 18, which forms the case. 

After that, an unvulcanized tread rubber 22, to each outer end 
portion thereof in the widthwise direction of the tire an unvulcanized 
side rubber 28 has been attached, is attached on the outer side of the 
belt in the radial direction of the tire, so as to mold a tread section 24 
and a portion of a shoulder section 30 on each side of the tire. 

Cement rubber is attached to the tread rubber 22 and the side 
rubber 28, and the tread rubber 22 and the side rubber 28 are 



attached to the belt and the carcass 18 due to adhesive force of the 
cement rubber. 

Here, the tread rubber 22 and the side rubber 28 are integrally 
extruded by an extruder (not shown) such that the side rubber 28 is 
attached to each outer end portion of the tread rubber 22 in the 
widthwise direction of the tire. 

As the extruder, a dual tuber (DT), which is conventionally 
known, is used and by which, the tread rubber 22 and the side rubber 
28 that are separately supplied are integrally extruded via a mouth 
piece portion (not shown) such that the side rubber 28 is attached to 
each side of the tread rubber 22. 

Alternatively, the tread rubber 22 and the side rubber 28 may be 
separately extruded by different extruders (not shown), and thereafter 
respective surfaces to be bonded of the tread rubber 22 and the side 
rubber 28 are cut and melted by a heated blade so as to be then 
attached to each other. 

Finally, as shown in Fig. 2C, an unvulcanized side wall rubber 
32 is attached to each of side portions of the carcass 18, which side 
portions are outer portions of the carcass 18 in the widthwise direction 
of the tire, and each outer end portion of the side wall rubber 32 in the 
radial direction of the tire is attached to the corresponding outer end 
portion of the side rubber 28 in the widthwise direction of the tire, so 
as to mold a portion of the shoulder section 30 and a side wall section 
34 on each side of the tire. 
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The side wall rubber 32 is attached to the side rubber 28 and the 
carcass 18 by, for example, cement rubber. 

Through the above-described tire-contour-molding process, a 
contour of the pneumatic tire 10 is molded, and a green tire is 
produced. 

The green tire is vulcanized by using a vulcanization mold in a 
vulcanization process so as to produce the pneumatic tire 10 of the 
present invention. 

Next, a second production method of the pneumatic tire 10 will 
be described. 

First, in a tire-case-molding process, as shown in Fig. 3A, an 
unvulcanized inner liner rubber 12 is wound around a rotary drum 36 
whose diameter-expandable portion is in a state of relatively small 
diameter. 

Then, a carcass 18 is wound around the inner liner rubber 12. 
Cement rubber is attached to the carcass 18, and the carcass 18 is 
attached to the inner liner rubber 12 due to adhesive force of the 
cement rubber. 

A bead filler (a bead section forming member) 16 including a 
bead core (a bead section forming member) 14 is disposed at each end 
of the carcass 18, and the ends of the carcass 18 are bent to mold bead 
sections 20. 

Thereafter, attachment preventing sheets (e.g., polysheets) 40 
are respectively stuck on portions of the carcass 18, on each of which 
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portions of the carcass 18 an outer end portion of a side wall rubber 32 
in the radial direction of the tire is positioned. 

Then, an unvulcanized side wall rubber 32 is attached to each 
side of the carcass 18 such that each outer end portion of the side wall 
rubber 32 in the radial direction of the tire is positioned on the 
corresponding attachment preventing sheet 40, so as to mold a portion 
of a shoulder section 30 and a side wall section 34 on each side of the 
tire. 

Cement rubber is attached to the side wall rubber 32, and the 
side wall rubber 32 is attached to the carcass 18 due to adhesive force 
of the cement rubber. 

Here, since each outer end portion of the side wall rubber 32 in 
the radial direction of the tire is positioned on the attachment 
preventing sheet 40, the portion is not attached to the carcass 18. 

Through the above-described tire-case-molding process, a case 
is molded. 

Next, in a tire-contour-molding process, as shown in Fig. 3B, the 
diameter of the rotary drum 36 is expanded by a bladder (not shown) 
provided therein, and thereby the carcass 18 is toroidally curved. 

Then, the attachment preventing sheets 40 are removed from the 
rotary drum 36, and each outer end portion of the side wall rubber 32 
in the radial direction of the tire is pulled up outwardly (i.e., in the 
direction of Arrow B in Fig. 3B). 

Thereafter, a belt (not shown) is attached on the outer side of the 
carcass 18 in the radial direction of the tire. 
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After that, as shown in Fig. 3C, an unvulcanized tread rubber 
22, to each outer end portion thereof in the widthwise direction of the 
tire an unvulcanized side rubber 28 has been attached, is attached on 
the outer side of the belt in the radial direction of the tire, so as to mold 
a tread section 24 and a portion of the shoulder section 30 on each 
side of the tire. 

Cement rubber is attached to the tread rubber 22 and the side 
rubber 28, and the tread rubber 22 and the side rubber 28 are 
attached to the belt and the carcass 18 due to adhesive force of the 
cement rubber. 

Here, the tread rubber 22 and the side rubber 28 are integrally 
extruded by an extruder (not shown) such that the side rubber 28 is 
attached to each outer end portion of the tread rubber 22 in the 
widthwise direction of the tire. 

As the extruder, a dual tuber (DT), which is conventionally 
known, is used and by which, the tread rubber 22 and the side rubber 
28 that are separately supplied are integrally extruded via a mouth 
piece portion (not shown) such that the side rubber 28 is attached to 
each side of the tread rubber 22. 

Alternatively, the tread rubber 22 and the side rubber 28 may be 
separately extruded by different extruders (not shown), and thereafter 
respective surfaces to be bonded of the tread rubber 22 and the side 
rubber 28 are cut and melted by a heated blade so as to be then 
attached to each other. 
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Finally, as shown in Fig. 3D, after the tread rubber 22 and the 
side rubber 28 have been attached to the carcass 18, each outer end 
portion of the side wall rubber 32 in the radial direction of the tire is 
attached to each outer end portion of the side rubber 28 in the 
widthwise direction of the tire. 

The side wall rubber 32 is preferably attached to the side rubber 
28 by, for example, cement rubber. 

Through the above-described tire-contour-molding process, a 
contour of the tire is molded, and a green tire is produced. 

The green tire is vulcanized by using a vulcanization mold in a 
vulcanization process so as to produce the pneumatic tire 10 of the 
present invention. 

Next, the operation and effects of the pneumatic tire 10 will be 
described. 

In the pneumatic tire 10 of the present invention, an interface 
between the side rubber 28 and the side wall rubber 32 appears, not at 
a side surface side of the tire, but at a ground-contacting side thereof. 

Here, while the vehicle is running, bending deformation of the 
tire is larger at the side surface sides of the tire than at the ground- 
contacting side thereof. Namely, the side surface portions of the tire 
are high distortion portions. 

Therefore, the pneumatic tire 10 of the present invention is 
structured such that the interface between the side rubber 28 and the 
side wall rubber 32 appears, not at the side surface side of the tire, but 
at the ground-contacting side (i.e., low distortion portion) thereof. As a 
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result, the bending deformation acting at the interface between the 
side rubber 28 and the side wall rubber 32 can be reduced, and 
thereby separation of the side rubber 28 and the side wall rubber 32 
from each other (i.e., cracks) at the interface can be prevented. 

In other words, the interface between the side rubber 28 and the 
side wall rubber 32 is positioned at the ground-contacting portion of 
the tire, which portion is a low distortion portion, so that separation of 
the side rubber 28 and the side wall rubber 32 from each other (i.e., 
cracks) at the interface can be prevented. 

Further, since the side rubber 28 and the side wall rubber 32 
have the same or similar physical properties or composition, a 
possibility that the side rubber 28 and the side wall rubber 32 are 
separated from each other (i.e., a possibility of crack generation) at the 
interface therebetween can be significantly lowered. 

Further, since the tread rubber 22 and the side rubber 28 to be 
used are integrally extruded in the unvulcanized state by an extruder, 
as compared with the case in which the tread rubber 22 and the side 
rubber 28 are separately extruded and subsequently press-attached to 
each other, durability of an interface between the tread rubber 22 and 
the side rubber 28 is considerably improved, and thereby a possibility 
that the tread rubber 22 and the side rubber 28 are separated from 
each other (i.e., a possibility of crack generation) at the interface 
therebetween can be significantly lowered. 

As described above, in the pneumatic tire 10 of the present 
invention, separation of the tread rubber 22 and the side rubber 28 
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from each other (i.e., cracks) at the interface therebetween can be 
prevented, and separation of the side rubber 28 and the side wall 
rubber 32 from each other (i.e., cracks) at the interface therebetween 
can also be prevented. 
(Test Example) 

Next, a durability test for examining crack generation was 
conducted by using the pneumatic tires of the present invention and 
other tires. 

The size of the tires used for the test was PCR225/45R17. The 
tires of this size were respectively assembled with rims each having a 
rim width of 8J. Each internal pressure was set to 200 KPa. 

These tires assembled with the rims were respectively mounted 
to domestic midsize sedans. After driving with a load, which is 
equivalent to two occupants, on roads whose road surface conditions 
were set so as to include 30 % of general road, 50 % of highway and 
20 % of rough road, crack generation was visually checked by an 
operator. 

Here, Related art 1 which was tested in the present test example 
is a pneumatic tire 50 in which, as shown in Fig. 4A, a side rubber is 
not attached to a tread rubber 52, and a side wall rubber 54 is directly 
attached to each outer end portion of the tread rubber 52 in the 
widthwise direction of the tire. 

Thus, Related art 1 has a single-tread structure. In Related art 
1, the tread rubber 52 is attached on the outer side of a carcass (not 
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shown) in the radial direction of the tire, and then the side wall rubber 
54 is attached to each of side portions of the carcass. 

As shown in Table 2 below, Shore hardness of the tread rubber 
52 is 68, and the blend ratio thereof, of SBR/ NR / BR(PHR) , is 1 Op/0/0. 

Further, Shore hardness of the side wall rubber 54 is 55, and the 
blend ratio thereof, of SBR/NR/BR(PHR), is 0/50/50. 

Related art 2 is the pneumatic tire 70 in which, as described in 
the above "Background Art" section (see Fig. 4B), the side rubber 74 is 
attached to each outer end portion of the tread rubber 72 in the 
widthwise direction of the tire, and each outer end portion of the side 
wall rubber 76 in the radial direction of the tire is positioned on the 
lower side (i.e., the inner side in the radial direction of the tire) of the 
tread rubber 72 and the side rubber 74. 

Thus, Related art 2 has a dual-tread structure, in which the 
tread rubber 72 and the side rubber 74 are integrally molded. In 
Related art 2, the side wall rubber 76 is first attached to each of the 
side portions of the carcass, and then the tread rubber 72 integrated 
with the side rubber 74 at each end thereof is attached on the outer 
side of the carcass in the radial direction of the tire. 

As shown in Table 2 below, Shore hardness of the tread rubber 
72 is 68, and the blend ratio thereof, of SBR/NR/ BR(PHR), is 100/0/0. 

Further, Shore hardness of the side wall rubber 76 and the side 
rubber 74 is 55, and the blend ratio thereof, of SBR/NR/ BR(PHR), is 
0/50/50. 
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The present invention is realized by the pneumatic tire 10 in 
which, as shown in Figs. 1 and 4C, the side rubber 28 is attached to 
each outer end portion of the tread rubber 22 in the widthwise 
direction of the tire, and each outer end portion of the side wall rubber 
32 in the radial direction of the tire is attached to the corresponding 
outer end portion of the side rubber 28 in the widthwise direction of 
the tire. 

Thus, the present invention has a dual-tread structure, in which 
the tread rubber 22 and the side rubber 28 are integrally molded. In 
the present invention, the tread rubber 22 integrated with the side 
rubber 28 at each end thereof is attached on the outer side of the 
carcass in the radial direction of the tire, and then the side wall rubber 
32 is attached to each of side portions of the carcass. 

As shown in Table 2 below, Shore hardness of the tread rubber 
22 is 68, and the blend ratio thereof, of SBR/NR/BR(PHR), is 100/0/0. 

Further, Shore hardness of the side wall rubber 32 and the side 
rubber 28 is 55, and the blend ratio thereof, of SBR/NR/BR(PHR), is 
0/50/50. 
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Table 1 





Related art 1 


Related art 2 


Present invention 


Tread structure 


Single-tread 


Dual-tread 


Dual-tread 


Order of 
press-attaching 
side wall rubber 


Attached 
after press- 
attachment of 
tread rubber 


nuaLiicu 

before press- 
attachment of 
tread rubber 


a j.. _ _ 1- _ _n 
ALLfcHJIiCU 

after press- 
attachment of 
tread rubber 


Crack generation 
(Durability test) 


Generated at 
interface between 
tread rubber and 
side wall rubber 
when wear rate 
was 75 % 


Generated at 
interface between 
side rubber and 
side wall rubber 
when wear rate 
was 75 % 


No crack was 
generated till 
wear rate reached 
100 % 


Table 2 




Tread rubber 


Side wall rubber 


Side rubber 


HD 

(Shore hardness) 


68 


55 


55 


SBR/NR/BR(PHR) 


100/0/0 


0/50/50 


0/50/50 



With regard to test results, as shown in Table 1 above, in Related 
art 1, cracks were generated at the interface between the tread rubber 
52 and the side wall rubber 54 when the wear rate was 75 %. 

In Related art 2, cracks were generated at the interface between 
the side rubber 74 and the side wall rubber 76 when the wear rate was 
75 %. 

In the present invention, no cracks were generated even when 
the wear rate was 100 %. 



27 



As shown above, it was proved that no separation (i.e., cracks) 
occurred at the interface even when the wear rate is 100 % in the 
pneumatic tire of the present invention. 

Industrial Applicability 

As described above, the pneumatic tire according to the present 
invention is preferably applied to vehicles such as a passenger car, 
and is suitable for a case where separation of the tread rubber and the 
side rubber from each other (i.e., cracks) at the interface therebetween 
is to be prevented and separation of the side rubber and the side wall 
rubber from each other (i.e., cracks) at the interface therebetween is 
also to be prevented. 

Further, the production method of the pneumatic tire according 
to the present invention is suitable for a case where a pneumatic tire is 
produced, in which tire separation of the tread rubber and the side 
rubber from each other (i.e., cracks) at the interface therebetween is 
significantly prevented and separation of the side rubber and the side 
wall rubber from each other (i.e., cracks) at the interface therebetween 
is also significantly prevented. 
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